It has previously been shown that inulin clearance, diodrast clearance, and diodrast Tm are significantly lower in males between the ages of 60 and 80 years than in males 20-40 years of age (1, 2) . The clearance and Tm values commonly used as norms are based on averages calculated from observations made on subjects between the ages of 17 and 68 years (3) (4) (5) .
The present study was undertaken to evaluate the rate of the age changes in renal functions previously reported.
EXPERIMENTAL METHODS
Subjects. Seventy males aged 24 to 89 years served as subjects. They were chosen from wards of the Baltimore City Hospitals, the Baltimore City Infirmary (Old People's Home), the Veteran's Hospital, Fort Howard, Maryland, and the house staff of the City Hospitals. All were selected only after thorough history and physical examination which excluded anyone showing the following: (1) recent or remote renal diseases, (2) cerebrovascular accident, (3) coronary artery disease, (4) syphilitic, or (5) rheumatic heart disease, (6) hypertension, (7) any recent alteration in body weight.
At the higher ages, blood pressures were not considered hypertensive unless the diastolic pressure was greater than 90 mm. Hg, since systolic hypertension with increased pulse pressure may be the result of dilatation and loss of elasticity in the larger arteries, a change commonly associated with aging (6, 7) . Nevertheless, only two tests were done on patients with systolic pressures greater than 160 mm. Hg. Patients from acute wards of the Hospital were accepted occasionally but only if they were in the convalescent stages of their disease, afebrile, and had been without medication for several days. Patients from the Tuberculosis Hospital were accepted if ambulatory and sputum-negative for at least six months or as long as they had been hospitalized.
Experimental procedure. The tests were done according to the constant infusion technique of Smith, Goldring and Chasis (5) with a few minor modifications (2) . Experimental procedures were performed in the morning under essentially basal conditions but in some cases 1 Present address: Department of Internal Medicine, Washington University School of Medicine, Saint Louis, Mo. milk or fruit was permitted in addition to water. Subjects were hydrated for one to two hours before the test with 600 to 800 cc. of water, and 200 cc. of water was given at half-hourly intervals during the test. Blood pressure was taken after the subject had been resting in bed at least one-half hour in a semi-reclining position with the head gatch at 15 to 30 degrees. This elevation was maintained throughout the test. Infusion of fluid during equilibration, clearance, and Tm periods was regulated accurately at 3.0 cc./min. with a tunnel clamp. Four clearance and four Tm periods of 10 to 14 minutes each were taken according to the method of Smith and associates (5).
Blood samples were drawn at the mid-point of each period through a stylet needle maintained in the vein during the experiment. Urine samples were collected by an indwelling catheter, and the bladder was washed with three 50-cc. portions of saline at the close of each period.
Analytical methods. The analytical methods previously described (2) were used except that a Coleman Model 14 Spectrophotometer was substituted for the Model 11. Plasma filtrates, prepared according to Alpert (8) , served for the determination of inulin (9) and diodrast (10) . Albumin was separated from the plasma according to the method of Kingsley (11) , but micro-Kjeldahl determinations of plasma albumin and total protein were made by the method of Ma and Zuazaga (12) . Hematocrit and yeastocrit determinations were made according to Wintrobe (13 Figure 3 . In Figure 3 When alternate decades are studied, the significance of the differences is high for all but young adults; that is, significant changes occur over 20-year intervals of time. (Figure 2b ). Beyond the age of 60 a small, and 90 3 ( Figure 4a and Table II, (Figure 4b and  Table IH , column 10). The critical ratio of this difference was 4.2 (P < 1 per cent).
DISCUSSION
The gradual reduction in renal functions observed is in accord with studies on urea clearance, blood urea nitrogen, and concentrating ability of kidneys reported by Lewis and Alving (15 (5) and Smith (16) . While the adequacy of these assumptions has been tested in young adults, there is no reason to believe that chronological age influences their validity. 4 The question of whether the low TmD values of the older age group might have been caused by an inadequate tubular load (T.L.) of diodrast led us to study some of the same subjects at higher T.L.'s. Of the 16 subjects over 60 years of age whose T.L.'s on two tests differed by more than 15 per cent, none showed a significantly higher TmD at the higher T.L.
4Estimates of the extraction ratio of para amino hippuric acid have shown values of 88 to 94 per cent in normal and hypertensive subjects up to the age of 60 (17) . Since PAH and diodrast are secreted by similar processes, it is improbable that increasing age results in significant changes in the extraction ratio of diodrast. decades. The reason for this has been mentioned above as being due chiefly to the effect of two subjects, but a definite elevation does occur in the ninth decade. It is safe to assume that a number of subjects in the ninth decade could be found who have a filtration fraction no higher than that of young adults, but in the general population higher fractions may be most common because of the incidence of hypertension and heart disease. The tendency for the filtration fraction to rise in our data may be due to arteriolar sclerosis in the efferent or efferent and afferent renal arterioles.
The constancy of the ratio between the glomerular filtration rate and tubular excretory capacity over seven decades is in accord with the hypothesis that a nephron loses its function as a unit.
The steady decline in the effective renal plasma flow per unit of tubular excretory capacity beyond the fourth decade indicates that the renal tubules of men in the ninth decade are receiving a mean plasma flow of 9.17 cc. for each mg. of dio-drast iodine they are able to excrete, whereas the men in their 30's receive an average of 12.6 cc./ mg. of diodrast iodine.
This decrease in effective renal plasma flow with increasing age cannot be attributed only to a reduction of total cardiac output since no estimates of cardiac output, crude as they may be, have indicated a reduction of this order of magnitude in elderly subjects (18) .
Although a number of alternative hypotheses may be advanced to explain the mechanism of reduced glomerular filtration, effective renal plasma flow, and diodrast Tm observed in elderly subjects, we do not yet have the crucial data to decide what mechanisms are involved in the process.
SUMMARY
Measuremnents of inulin clearance, diodrast clearance, and diodrast Tm were made under basal conditions in 70 males between the ages of 20 and 90 years. Nine to 12 subjects were selected from each decade on the basis of medical history, physical examination, and urine analysis. All subjects were free from history or clinical evidence of renal disease, essential hypertension, cerebrovascular accident, or heart disease. All subjects were ambulatory and afebrile.
The 
